Introduction: Individuals with chronic venous insufficiency (CVI) have muscle pump dysfunction and reduced functionality. However, studies are inconsistent in proving whether a particular test can assess muscle functional capacity. Therefore, the aim of this study was to evaluate whether the heel-rise test (HRT) is able to explain functional capacity in patients with CVI. Materials and methods: Subjects with CVI aged between 20 and 59 years old were selected for this study. All participants were classified by means of the Clinical Anatomy Etiology Pathophysiology Classification of Chronic Venous Disease (CEAP). The HRT and
Introduction
Chronic venous insufficiency (CVI) is a dysfunction of the venous system due to venous valvular incompetence, which may or may not occur associated with venous flow obstruction (1) . Secondary to poor valvular functioning, the venous hypertension is settled, and it is often associated with muscle pump (1) dysfunction. Composed of the calf veins and surrounding tissue, the muscle pump works to drain venous blood during exercise, reducing venous stasis (1, 2, 3) .
Symptoms and common structural changes resulting from CVI include pain and heaviness in the lower limbs, especially late in the day; hyperpigmentation; lipodermatosclerosis; edema; varicose veins and venous ulcers (1, 2) . For many patients, CVI represents a reduction of functional mobility and quality of life (1) . CVI ulcers result in socioeconomic problems such as loss of work days and early retirement (4) .
Early detection and treatment are important to prevent the disease progress and complications (5) . One approach is the use of compressive stockings that can minimize complications from venous hypertension, aiding in blood return to the heart and promoting the relief of symptoms (6) .
Another approach is to conduct physical therapy that can be performed by means of strength training and endurance of the muscle pump, with the goal of improving venous flow in the lower extremities, which can ensure greater functional performance of individuals with CVI (3). According to Padberg et al. (7) , the function and strength of muscle pump improves after a six-month program of exercises to strengthen the calf muscle. The benefit of isotonic exercises has also been described by Kan and Delis (8) . This study showed an improvement in the ejection capacity of the muscle pump by increasing endurance and strength of the calf muscle.
In order to prescribe physical therapy treatment, it is necessary to conduct a targeted assessment. However, clinical examination does not always provide all the necessary information about the anomalies reported by the individual and observed by the examiner (9) . Thus, non-invasive tests have been used to further investigate these factors, mainly related to the presence of muscle pump dysfunction (9) . Air plethysmography is a noninvasive test that can detect hemodynamic changes in the venous system, by valvular insufficiency or by changes in muscle pump (10) . Although this examination provides useful data to evaluate muscle pump function, it is expensive in terms of equipment, time and financial cost.
Therefore, easy to perform and inexpensive tests, such as the heel-rise test (HRT), can be used to infer muscle pump function (11) . This test is commonly used in clinical practice to evaluate the function of the calf muscle by counting the number of repetitions of plantar flexion until fatigue (12) . In addition to assessing the function of concentric and eccentric mode of the muscle pump, this test also measures the mobility of the ankle joint (13) . According to Van Uden et al. (3), individuals with CVI commonly show reduced resistance in the calf muscle, which shows the applicability of the HRT as a tool for evaluating the muscle pump function in CVI.
The weakness of calf muscles can cause disturbances in gait, since this muscle plays an important role during the terminal stance phase (14) . The study by Van Uden et al. (3) showed that patients with CVI have reduced gait velocity, which is a determining factor in the functionality of the individual. However, studies are still inconsistent in demonstrating objectively whether the HRT, being a specific test to evaluate muscle pump, can assess functional capacity. Therefore, the aim of this study was to evaluate whether the HRT is able to explain functional capacity in individuals with CVI.
Materials and methods
This was a cross-sectional, exploratory and correlational study, approved by the Research Ethics Committee of the institution in which the study was conducted (CAAE -0291.0.203.000-11).
Individuals with CVI between the ages of 20 and 59 years, regardless of sex and ethnicity, were selected for the study. Participants underwent clinical evaluation and were classified according to the Clinical Etiology Anatomy Pathophysiology Classification of Chronic Venous Disease (CEAP) (15) , including individuals classified as C1 to C5. Individuals who had venous ulcers (C6 according to CEAP), peripheral obstructive arterial disease, uncontrolled diabetes mellitus, uncontrolled hypertension, unstable angina, recent pulmonary embolism, acute cardiac events proven by electrocardiogram, heart failure and orthopedic or neuromuscular diseases that limited walking and/or plantar flexion in the standing position were excluded. The sample was recruited by convenience in the city of Belo Horizonte, in the Brazilian state of Minas Gerais.
The tests were performed in the cardiovascular rehabilitation sector of the institution in which the study was conducted. The HRT and the shuttle walk test (SWT), were applied by trained examiners. To conduct the HRT, the reliability of the intra-and interexaminer measurements was assessed. The reproducibility of both the intra-and the inter-examiner was high (r > 0.9; p < 0.05). The order of application of the tests was randomized. A five-minute interval was provided between the tests.
The positioning of the individual in the HRT was defined as proposed by Pereira et al. (16) . The test was performed with the subject standing barefoot, in bipodal support and with the dominant hand resting in front of a wall for balance. First, the individual performed plantar flexion until the support over the metatarsal-phalangeal joints for the measurement of the maximum height of plantar flexion. This height was the reference point for all repetitions during the test and the marking was done by an equipment with a rod (16) . The subject was instructed to perform the maximum number of complete and consecutive plantar flexions at the greatest possible speed. The examiners recorded the time in seconds and the maximum number of repetitions. When the individual did not reach the maximum height for two consecutive repetitions, the test was finished. The following variables were evaluated in this test: maximum number of repetitions, total time (seconds) and speed (number of repetitions per second).
The SWT, chosen to evaluate functional capacity of the participants in this study, is used to evaluate
Results
Of the 79 subjects in the study, 75 were female, 50.6% practiced physical activities, 92.4% reported no functional limitations related to CVI, 96.2% were non-smokers, 91.1% did not use compression stockings, 32.9% were CEAP 1, 31.6% were CEAP 2 and 35.4% were CEAP 3. The subjects had a mean age of 38.79 ± 1.34, with 20 individuals being assessed in the age groups 20-29, 40-49 and 50-59 years, and 19 subjects aged 30-39 years. The mean duration of the disease was 11.40 ± 0.99 years.
In the HRT, the mean number of repetitions was 72.29 ± 5.91 (CI = 60.50 to 84.08), the mean time was 68.24 ± 6.25 (CI = 55.77 to 80.70) seconds, and the mean speed in repetitions per second was 1.17 ± 0.49 (CI = 1.07 to 1.26). In the SWT, the mean distance traveled was 584.17 ± 11.64 (CI = 560.96 to 607.37) meters.
Two linear regression models were used for analysis. In the first model, the number of repetitions and the speed in the HRT were entered as explanatory variables for the distance in the SWT. In the second model, only the speed in the HRT was entered as an explanatory variable. The results of these analyses are shown in Table 1 .
The results of the linear regression analyses in different age groups were not significant for 20 to 29 years (p = 0.13), 30 to 39 years (p = 0.15) and 40 to 49 years (p = 0.45). The model showed statistical significance only for the age group from 50 to 59 years ( Table 2) .
The results of the comparison between the different classes of CEAP in relation to the HRT variables are shown in Table 3 .
individuals with various health conditions (17, 18, 19, 20, 21) . The protocol for performing the SWT was the modified version developed by Singh et al. (17) . Two cones are positioned at a distance of nine meters apart. The test requires the individual to walk from one cone to another, bypassing them. The beginning of the test is marked by a first acoustic signal generated by portable stereo (19, 20) . Then, signals are sent at regular intervals within which the individual must try to walk all the distance between the cones. At the end of each minute, the time interval between the sound signals decreases, resulting in increased speed. The test is discontinued if the participant does not reach the cone for two consecutive times within the interval between signals, or if their heart rate exceeds 90% of the maximum rate calculated by age. The heart rate was monitored during the SWT using the Polar ™ heart rate monitor (Polar Electro OY, Finland). The variables analyzed in this test were the maximum distance (meters) and maximum speed attained (meters/minute).
Descriptive statistics were presented as mean ± standard deviation, with a confidence interval of 95%. The Kolmogorov-Smirnov test was performed to evaluate data distribution. The correlation between the variables of the SWT and the HRT was assessed by Spearman coefficient. The linear regression model was applied to determine the association between the HRT and the SWT. Analyses were conducted with the total sample and with the sample stratified by age (20 to 29 years, 30 to 39 years, 40 to 49 years and 50 to 59 years). One-way analysis of variance (one-way ANOVA) was used for comparison of the HRT between the different classes of the CEAP. A significance level of 5% was considered. Note: V (HRT) = speed in number of repetitions per second in the heel-rise test; R (HRT) = number of repetitions in the heel-rise test; p = level of significance; R 2 = determination coefficient. 
Discussion
In this study, the HRT was able to explain functional capacity in individuals aged 50-59 years; however, this result was not found in the entire sample. Furthermore, the HRT was not sensitive in detecting differences among classes 1, 2 and 3 of the CEAP.
The HRT is an instrument that assesses the function of the calf muscle, which is commonly affected in patients with CVI (3). Because this muscle is critical to the good performance of an individual during walking (14) , individuals with CVI may show deficits in functional mobility (1) evaluated in this study by means of the SWT.
Age is another factor associated with a reduction in calf muscle function. The sharp decline of muscle mass and strength associated with the reduced functional capacity that occurs with aging (22, 23) contributes to the increased prevalence and severity of CVI in older age groups (1, 24) . Studies evaluating muscle pump function at different ages by air plethysmography showed that muscle pump efficiency decreases with increased age (25, 26) .
Labropoulos et al. (27) , in their evaluation of patients under 60 years of age who had CVI for less than 10 years and did not have a history of deep vein thrombosis, concluded that the hemodynamic changes of this population are more associated with the clinical severity of the disease, since the ejection ability of the calf muscle remained intact in these individuals.
Therefore, characteristics of the study population, such as age less than 60 years and classification at lower levels of the CEAP, only from 1 to 3, may have weakened correlations between the HRT and the SWT. It is important to emphasize the fact that the sample was constituted of non-elderly adults, what may have been the cause of lower levels of impairment from the CVI in the evaluated population. Additionally, 92.4% of the studied population stated they did not have functional limitations as a result of the CVI. Thus, it is possible that, in general, these
Conclusion
The HRT was able to explain functional capacity in individuals from 50 to 59 years of age, with speed being the variable that contributed the most to explain this result. Thus, the HRT can be applied in clinical practice in a valid manner for the functional evaluation of individuals with mild CVI in this age group. individuals did not show deficits in function of the calf muscles enough to cause a significant reduction in functional capacity. In this study, the results found in the isolated analysis of different age groups support this hypothesis, because the HRT was only able to explain functional capacity in the older age group (50-59 years).
A comparison between the different classes of the CEAP in relation to the variables of the HRT showed that this test was unable to detect differences between the three classes analyzed. As the clinical severity of CVI may be related to deficits of the function of the calf muscle (1, 3) , perhaps the test is sensitive in differentiating individuals classified at more severe levels of the CEAP.
A limitation of this study is the large discrepancy between the frequency of women (94.9%) and men (5.1%) in the sample, which compromises the capacity to generalize the data. However, the prevalence of CVI is higher in women (24) . Epidemiological studies suggest the female sex as a risk factor for CVI (24, 28) .
In this study, to carry out the HRT, the individual was asked to perform plantar flexions at the greatest possible speed until fatigue. Thus, the speed was not pre-determined, leading to greater variability in data. However, standardization of the speed of the HRT was not a clinically feasible choice since the test at lower speeds may result in a ceiling effect in participants with a higher level of physical performance. On the other hand, higher speeds can prevent the realization of the test in people with a low level of physical performance. Thus, the reason for adopting free speed was to reach the greatest number of people.
Through statistical analysis, it was observed that the choice of completing the HRT with free speed was positive, considering that speed was the variable that contributed the most to explaining functional capacity in the age group of 50-59 years. Given this fact, it can be suggested that in order to assess functional capacity in patients with CVI aged 50-59 years with mild CEAP classification, the HRT is not performed until fatigue, but with a pre-determined time, with the guidance that plantar flexions are performed as quickly as possible. Such considerations can be generalized to a restricted age range.
Studies with samples of elderly individuals with greater clinical severity of CVI are necessary to verify whether the HRT is able to explain functional capacity and determine if the test speed remains the main variable to be analyzed.
